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(54) Antenna structure 



(57) The invention relates to dual mode antennas 
particularly suitable for mobile stations. The antenna 
structure comprises an antenna (211 , 201 , 202, 21 2) of 
the PI FA type which is located within the covers ol the 
mobile station, and a whip element (220) which is mov- 
able relating to the PIFA antenna. The PIFA can be a 
single band or a dual band antenna When the whip el- 
ement is extracted its lower end (222) forms a galvanic 
or capacitive coupling with the radiating element (211) 
of the PIFA. If the PIFA is a single band antenna the 
extracted whip element substantially changes the reso- 
nant frequency of the PIFA, so that the whip is left as 
the radiating element at the operating band. If the PIFA 
is a dual band antenna, then an extracted whip alone, 
or the whip and the planar element of the PIFA together, 
functions as the radiating element at one operating 
band, and at the other operating band the planar ele- 
ment of the PI FA operates as the radiating element. The 
feeding and the matching of the whip element is ar- 
ranged by the PIFA without any separate additional 
components. With the aid of the invention the best prop- 
erties of both the PIFA and the monopole antenna can 
be utilised. The structure is further reliable and it has 
relatively low costs. 
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Description 

[0001] The invention relates to dual mode antennas 
particularly suitable for mobile stations. A dual mode an- 
tenna means that it has two electrical operating states 5 
and the transition between the states is performed by 
changing the mechanical structure of the antenna. 
[0002] Of dual mode antennas there are previously 
known the helix/whip antenna combinations, where the 
whip section is either within the mobile station or extend- io 
ed outside it. The last mentioned position is used when 
required, in order to improve the quality of the connec- 
tion. The helix is stationary on the frame of the mobile 
station, whereby the whip extends through the helix, or 
is located at the end of the whip, whereby both sections is 
are movable. A disadvantage in antennas of this type is 
that the helix section always remains outside the mobile 
station where it forms an inconvenient projection. 
[0003] From the prior art is further known, i.a: from the 
publication W098/56066, a dual mode plane antenna 20 
according to figure 1. It contains a ground plane 11 and 
a radiating plane 12 raised slightly above the ground 
plane. The radiating plane can be moved along the 
grooves in a dielectric body. A peace of the grooved di- 
electric boy 1 8 is drawn in figure 1 so that it can be seen 2$ 
at one edge of the plane 1 2. When the plane is retracted 
the structure operates as an antenna of the planar in- 
verted F-antenna (PIFA) type. Then the feeding is via 
the line 13 to a point 14 of the plane 12. A short circuit 
between the plane 12 and the ground plane 11 is made 30 
at another position 15. When the plane 12 is extracted, 
in the position shown in figure 1 by a dotted line, the 
structure operates as a monopole antenna. Then the 
feeding is via the line 1 3 and the transmission line 16 to 
the plane 12 at a point 17. This arrangement also com- 35 
prises a short circuit of the transmission line 16 when 
the plane 12 is retracted, and an impedance matching 
when the plane 12 is extracted. These arrangements 
are not visible in figure 1 . 

[0004] A disadvantage of the above described struc- *o 
ture is the unreliability of the galvanic connection in such 
positions where the other part is movable. The connec- 
tion can be degraded due mechanical wear of the 
grooves in the dielectric body, or due to a deformation 
of the radiating plane as a result of the use. * s 
[0005] The object of the invention is to reduce the 
mentioned disadvantages relating to prior art. The an- 
tenna structure according to the invention is character- 
ised by what is expressed in the independent claim. 
Some advantageous embodiments of the invention are 50 
presented in the dependent claims. 
[0006] The basic idea of the invention is as follows: 
The antenna structure comprises an antenna of the PI- 
FA type, which is located within the covers of the mobile 
station, and whip element which can be moved in re la- ss 
tion to the PIFA. The PIFA can be a single frequency or 
a dual frequency antenna. When the whip element is in 
the lower position it has no substantial coupling to the 



parts of the PIFA. When the whip element is in the upper 
position or extracted, then its lower end forms a galvanic 
or capacitive coupling with the radiating element of the 
PIFA. If the PIFA is a single band antenna the extracted 
whip element substantially changes the resonant fre- 
quency of the PIFA, so that the whip element will be the 
radiating element at the operating band. If the PIFA is a 
dual-band antenna the whip element may change one 
of the resonant frequencies of the PIFA, preferably the 
lower resonant frequency, so that only the extracted 
whip operates as the radiating element at the lower op- 
erating band. At the higher operating band the conduc- 
tive plane of the PI FA functions as the radiating element. 
Alternatively the extracted whip element only improves 
the operation of the antenna at the lower operating band 
without changing the resonant frequency of the PIFA. 
The feeding of the whip element is arranged via the PI- 
FA, without any additional components. 
[0007] An advantage of the invention is that a mobile 
station provided with an antenna of the invention has no 
inconvenient projecting parts when the mobile station is 
not used for communication. However, the properties of 
a projecting whip element can be utilised when required. 
The bandwidth and the gain of the PIFA depend strongly 
on the distance between the planes of the PIFA. The 
characteristics of particularly small-sized PIFA are not 
necessarily sufficient in all situations. As known, a whip 
antenna provides a good electrical performance. By 
combining a PIFA and a whip antenna the best proper- 
ties of both antennas can be utilised. 
[0008] A further advantage of the invention is that the 
structure according to the invention is reliable as there 
are a minimum of moving parts, and even a frequent 
moving of the whip element corresponding to normal 
use does not cause any substantial changes in the elec- 
trical properties. An advantage of the invention is further 
that the manufacturing costs of the structure are rela- 
tively low because it is simple and suited for series pro- 
duction. An advantage of the invention is f u rther that the 
whip element generally causes a lower specific absorp- 
tion rate value (SAR) than a corresponding PIFA. Fur- 
ther, an advantage of the invention is that the shorting 
of the gap in the radiating pattern of the PIFA, which 
realises the change of the resonance frequency, makes 
the antenna less sensitive to the effects of the user's 
hand than a conventional PIFA or a PIFA which is not 
shorted by the whip. 

[0009] The invention is described in detail below. In 
the description reference is made to the enclosed draw- 
ings, in which 

Figure 1 shows an example of a prior art dual mode 
antenna, 

Figure 2a shows an example of an antenna accord- 
ing to the invention, 

Figure 2b shows the structure of figure 2a as seen 
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from a side, 

Figure 3 shows a second example of the antenna 
according to the invention, 

Figure 4 shows a third example of the antenna ac- 
cording to the invention, 

Figure 5 shows an example of the matching of an 
antenna according to the invention, 

Figure 6 shows an example of the connecting com- 
ponent of the whip element, and 

Figure 7 shows another example of the connection 
component of the whip element. 

[0010] Figure 1 was described already in connection 
with the description of prior art. 
[0011] Figure 2a shows an example of an antenna 
structure according to the invention. It comprises a 
ground plane 201 , a radiating planar element 21 1 and a 
whip element 220. Of these the ground plane and the 
radiating planar element are stationary within the covers 
of the radio device in question, and the whip element is 
either within the device or extracted. The ground plane 
201 can be for instance a separate metal plate or a part 
of the frame or metallic protective cover of said radio 
device. The planar element -211 has a gap 213, which 
is used to shape the elements conductive pattern so that 
the planar antenna obtains a desired resonance fre- 
quency. The gap 21 3 begins at an edge of the plane 21 1 
and terminates at the centre area of the plane 211. In 
this example the design of the conductive pattern is such 
that the planar antenna is a single frequency band an- 
tenna. The planar element 211 is fed via the conductor 

212 connected to its edge. Between the ground plane 
210 and the plane 211 there is a shorting element 202, 
so that the planar antenna of the example is of the PI FA 
type. The whip element 220 comprises the actual radi- 
ating whip 221, a connecting component 222 at its lower 
end, and an expanded part 223 at the upper end of the 
whip which facilitates gripping. In figure 2a the whip 220 
is shown in its top position, or extracted. Then the con- 
necting component 222 is at the beginning of the gap 

213 of the planar element 211 . The connecting compo- 
nent 222 has a galvanic connection on both sides of the 
gap 21 3 of the planar element 211, and thus the gap will 
be shorted. Due to the shorted gap 21 3 the resonant 
frequency of the plane antenna increases substantially, 
and therefore the planar antenna does not function as 
an antenna on the operating frequency band when the 
whip element 220 is extracted. On the other hand the 
whip element is dimensioned to act as a monopole an- 
tenna on the same operating frequency band, and thus 
it replaces the internal planar antenna. In the operating 
state of figure 2a the task of the planar element 211 will 
be to function as a section of the feeding conductor of 



the whip 220 and as an element which matches the im- 
pedance of the whip. 

[0012] Figure 2b shows the structure of figure 2a as 
seen from a side. The connecting component 222 of the 

5 whip element is pressed against the planar element 211 
with a force F with the aid of a mechanism, of which there 
is an example in figure 6. Figure 2b shows with dotted 
line the whip element retracted within the structure. 
Then it has no substantial electrical coupling to the rest 

10 of the structure, and only the planar antenna functions 
as an antenna. The support structure 251 , 252 for the 
planar antenna is also drawn in figure 2b. The part 251 
at the upper part of the antenna supports also the whip 
221 . It has a hole, in which the whip 221 can be moved 

is in and out. 

[0013] The term "radiating" refers in this description 
and in the claims to the intended use of the element. Of 
course the element does not radiate if it is not fed. A 
"radiating" element further also receives on the same 

20 frequency band on which it effectively can radiate. 
[001 4] Figure 3 shows a second example of an anten- 
na structure according to the invention. The structure 
differs from that in figure 2 only regarding the design of 
the conductive pattern of the radiating planar element. 

25 The plane element 311 of figure 3 has two gaps. The 
first gap 31 3 begins at a first edge of the planar element 
close to the feeding point P and extends in the figure 
horizontally to a certain distance from the opposite or 
second edge. The second gap 31 4 begins at the second 

30 edge and extends in the figure horizontally to a certain 
distance from the first edge of the plane element. With 
a suitable dimensioning of the gaps the planar antenna 
can obtain two different resonant frequencies; thus it op- 
erates as a dual band antenna. When the whip element 

35 320 is extracted its connecting component 322 shorts 
the first gap 31 3 at its beginning. Then the second, pref- 
erably lower resonance frequency is substantially 
changed. As a result only the whip 321 functions as an 
antenna on the lower operating frequency band. On the 

40 upper operating frequency band the planar antenna 
functions as the antenna, both when the whip element 
is retracted and when it is extracted. 
[001 5] In the structures of figures 2 and 3 the connect- 
ing point between the whip element and the planar ele- 

45 ment is arranged close to the feeding point P of the pla- 
nar element. In this way the feeding of the whip element 
can be made more effective. In the shown structures the 
shorting of the gap of the planar element serves the 
same purpose. If this would not be done both the planar 

50 element and the whip would function as radiators on the 
operating frequency band in question when the whip is 
extracted. The radiating efficiency of the whip element 
is affected by its impedance matching to the antenna 
port. The feeding via the PIFA provided with a shorting 

55 conductor 202; 302 causes the impedance to change 
into the inductive direction. Therefore the matching may 
require capacitrve loading. In figure 5 there is an exam- 
ple how the matching capacitance could be advanta- 
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geously arranged. The structure of figure 5 is similar to 
that of figure 2. It comprises a ground plane 501, a ra- 
diating planar element 511, and a whip element 520, 
which comprises the actual radiating whip 521 and a 
connecting component 522. The planar element 51 1 has 
a gap 513 which is shorted by the connecting compo- 
nent 522. The feeding point P of the plane element is 
close to the shorting position of the gap 513. The differ- 
ence compared to the structure of figure 2 is that a ledge 
515 directed toward the ground plane 501, which ledge 
is formed by bending the planar element. The capaci- 
tance between the ledge and the ground plane is used 
in the matching of the impedance of the whip antenna. 
The matching can also be tuned e.g. by changing the 
dimensions of the shorting conductors 202 302 shown 
in figures 2 and 3. 

[0016] In figure 4 there is a third example of the an- 
tenna structure according to the invention. Also now the 
structure differs from that in figure 2 only regarding the 
design of the conductive pattern of the radiating planar 
element The planar element 41 1 of figure 3 has one gap 
413 which begins at one edge of the planar element, 
extends first in the horizontal direction, then in the ver- 
tical direction relatively close to the first edge of the pla- 
nar element, and then horizontally toward the second 
edge of the planar element up to a certain distance from 
it. Also in this example the gap has been shaped so that 
the plane antenna has two separate resonant frequen- 
cies. However, in this example the connecting compo- 
nent 422 of the whip element 420 does not short the gap 
41 3 when it is extracted, but it only forms a galvanic con- 
tact to the planar element 411 close to its feeding point 
P. Thus the planar antenna operates on both operating 
frequency bands. The whip element is dimensioned to 
operate on the lower operating frequency band where it 
improves the electrical performance of the antenna. 
[0017] Alternatively the coupling of the whip element 
can be capacitive: Then, when the whip is extracted, the 
planar connecting component 422 is at a certain close 
distance from the planar element 411 in order to obtain 
a suitable coupling capacitance. 
[0018] Figure 6 shows an example of how to arrange 
the galvanic connection between the whip element and 
the planar element. The figure shows the actual whip 
element 221 , the connecting component 222, the planar 
element 211 and its gap 213, as in figure 2b. The figure 
6 further shows a part of the dielectric body 650 belong- 
ing to the support structure of the planar antenna parallel 
with the planar element 211, and the strip springs 625 
and 627 fastened to the connecting component 222. 
When the whip element is extracted the connecting 
component 222 is between the planar element 211 and 
the support body 650 so that the spring 625 presses the 
planar element and the spring presses the support body. 
Then the contact spring 625 forms a firm contact with 
the planar element 211 on both sides of its gap 213. On 
one side of the main figure the figure 6 shows the con- 
necting component 222 as seen in the direction from the 



6 

plane element 211 . It shows the contact spring 625 and 
further, parallel to it , a second similar contact spring 626. 
The double contact formed by them improves the relia- 
bility of the connection. 

5 [0019] Figure 7 shows another example of the con- 
necting component of the whip element. The connecting 
component 722 contains arcuate contact springs, such 
as 727, in a cylindrical symmetric arrangement so that 
they form a barrel-like periphery. The contact springs 

10 are fastened to each other and to the whip 721 by sup- 
port bodies 731 , 732. A structure of this kind enables 
the whip to be rotated regarding its axis. The high 
number of contact springs further means an longer op- 
erating life. 

75 [0020] Above we described some solutions according 
to the invention. The invention is not limited to them. The 
planar antenna could be of another type than PI FA. It 
can also comprise a parasitic element. The shape and 
the locking mechanism of the connecting component 

20 may vary in a wide range. In its simplest form the sleeve- 
like connecting component is only pulled between of the 
plane projections which are bent over the edges of the 
gap of the planar element. The inventive idea can be 
applied in numerous ways within the limits set forth in 

2S the independent claim. 



Claims 

30 1. Antenna structure of a radio device comprising, re- 
garding the frame of the device, a stationary part 
and a movable part, which movable part during op- 
eration of the device can be located substantially 
within the cover of the device, characterised in that 

35 

said stationary part comprises a ground plane 
(201 ; 301 ; 401 ; 501 ) and a radiating planar el- 
ement (211; 311; 411; 511), which planes are 
located within the cover of the device, 

40 - said movable part comprises a radiating whip 
element (220; 320; 420; 520), and 
when said radiating whip element is extracted 
it has a coupling with said planar element, by 
which coupling the whip element is arranged to 

45 get its feed. 

2. A structure according to claim 1 , characterised in 
that said coupling is galvanic. 

50 3. A structure according to claim 2, where said planar 
element (211 ; 311 ; 511 ) has a non-conductive gap 
(21 3; 31 3; 51 3) for obtaining a desired resonant fre- 
quency, characterised in that said galvanic cou- 
pling with the planar element is made over said gap, 

55 on both sides of this, in order to change a resonant 
frequency of the planar element. 

4. A structure according to claim 2, where at the end 
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of said whip element there are at least a first and a 
second contact spring (625, 627) which are fas- 
tened at least at one of their ends to the whip part 
(221) of the whip element, characterised in that 
when the whip element is extracted its said end is s 
located between a stationary dielectric support 
body (650) of the structure and said planar element 
(211), so that its first contact spring (625) is pressed 
against said dielectric support body and the second 
contact spring (627) is pressed against said plane to 
element in order to form a galvanic coupling. 

A structure according to claim 4, characterised in 
that said contact springs (727) are arcuate and lo- 
cated at substantially even intervals on a barrel-like 1$ 
surface at equal distances from the axis of the whip 
element (720). 

A structure according to claim 1, characterised in 
that said planar element (51 1 ) has a conductive pro- 20 
jection (515) toward the ground plane (501 ) in order 
to match the feeding impedance of the whip ele- 
ment (520). 

An antenna structure according to any previous 25 
claim, characterised in that its stationary part 
forms an antenna of the PI FA type. 
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(57) The invention relates to dual mode antennas 
particularly suitable for mobile stations. The antenna 
structure comprises an antenna (211 , 201 , 202, 212) of 
the PI FA type which is located within the covers of the 
mobile station, and a whip element (220) which is mov- 
able relating to the PIFA antenna. The PIFA can be a 
single band or a dual band antenna. When the whip el- 
ement is extracted its lower end (222) forms a galvanic 
or capacitive coupling with the radiating element (211) 
of the PIFA. If the PIFA is a single band antenna the 
extracted whip element substantially changes the reso- 
nant frequency of the PIFA, so that the whip is left as 
the radiating element at the operating band. If the PIFA 
is a dual band antenna, then an extracted whip alone, 
or the whip and the planar element of the PI FA together, 
functions as the radiating element at one operating 
band, and at the other operating band the planar ele- 
ment of the PIFA operates as the radiating element. The 
feeding and the matching of the whip element is ar- 
ranged by the PIFA without any separate additional 
components. With the aid of the invention the best prop- 
erties of both the PIFA and the monopole antenna can 
be utilised. The structure is further reliable and it has 
relatively low costs. 
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